Abstract
Introduction
Genetic muscle disorders are a diverse group of hereditary disorders that present with muscle weakness, cause significant comorbidities and result in reduced daily functioning [1] . It has been shown that a substantial proportion of people living with a chronic illness are affected by a genetic muscle disease [2] . The wider impact on family members has also been found to be immense [3, 4] . Prevalence data provide a crucial foundation to identify the scope of the problem, the individuals most affected and the type and distribution of services required. Consequently, accurate and representative data on the prevalence of genetic muscle disorders are fundamental for evidence-based health care planning and as a basis of medical research [5] .
In a UK study, crude prevalence of genetic muscle disorders including spinal muscular atrophy was reported to be 37/100,000 [2] . However, prevalence was not age-standardised to the world population and differences by sex and ethnic group remain unknown. Additionally, only patients known to the specialist neuromuscular centre were identified and consequently, patients who self-manage in the community not known to health care services would not have been accounted for. A recent study exploring prevalence of all neuromuscular disorders in the Republic of Ireland [6] utilised a community patient support service to assist in identifying cases; however, the study only included those aged 18 years or over. Previous epidemiological studies of genetic muscle disorders are consequently prone to selection and diagnostic biases [7] . This nationwide population-based study aimed to explore prevalence of genetic muscle disorders in New Zealand (NZ) by age, sex, ethnicity, region and disorder type.
Materials and Methods
This was a nationwide, epidemiological study of genetic muscle disease in children and adults using the capture-recapture method.
Study Population
The study population included people of all ages living in New Zealand (NZ, population = 4,242,048) as determined by the 2013 NZ population census [8] . Census data (where people can identify as being of more than one ethnicity) revealed 4 main ethnic groups in NZ: Europeans (74%), Māori (15%), Asian (12%) and Pasifika peoples (7%).
Procedures
The term "genetic muscle disorders" was used to encompass both non-dystrophic congenital myopathies and muscular dystrophies. On this basis, disorders of the anterior horn cell (such as spinal muscular atrophy) and neuromuscular junction were excluded. All types of muscular dystrophy (Duchenne, Becker, Facioscapulohumeral, Emery-Dreifuss, Limb-Girdle, Congenital, Myotonic, Oculopharyngeal and Distal), congenital myopathies and ion channel myopathies were included. Similar to Norwood et al. [2] metabolic myopathies were generally excluded except where the most usual presentation was of a progressive fixed muscle weakness (e.g., Pompe's disease) as the dominant feature. Duchenne and Becker muscular dystrophy are observed only in males; however, female carriers of the genetic mutation can also experience similar muscular weakness. These cases known as "manifesting carriers" were also included in the study to determine the full spectrum of impact of the condition.
The study aimed to identify all living children and adults with a confirmed diagnosis of a genetic muscle disorder on the point prevalence date of April 1, 2015. Cases needed to be a resident/ citizen of NZ (operationalised as the adult or parent/guardian of a child case being registered on the electoral role at a NZ address or residing in the country for > 6 months per year). A clinical diagnosis by the patient's treating neurologist was required for inclusion. Where available, supporting information on lab, neurophysiological, histological, histochemical and genetic test results was considered. Generally, the treating clinician's diagnosis was accepted though where information such as a positive genetic test in a known family member was available, the more specific diagnosis was accepted. In cases where a diagnosis was unclear, medical notes and test results were reviewed by a paediatric or adult neurologist. Cases where there was insufficient evidence to verify diagnosis were excluded. No additional investigations were undertaken by the research team.
Cases were ascertained using multiple overlapping sources. Keyword diagnostic searches were used to search neurologists' patient lists (including both private and publicly funded national health services). International Classification of Disease codes (ICD-10, including G71.0, G71.1, G71.2, G72.3) were used to search admission and discharge hospital records and the national Ministry of Health database. Searches by disorder identified cases from the NZ Muscular Dystrophy Association membership database, and the NZ Neuromuscular Disease Registry [9] .
Additionally, national and regional disability services (including patient support organisations) contacted clients with the included conditions to inform them about the study and invite them to participate. National and local media coverage (including televi-DOI: 10.1159/000494115 sion, newspaper and patient health or cultural magazines and a Facebook page) encouraged self-referrals into the study. Allied health professional organisations (e.g., physiotherapists, community nurses, occupational therapists and speech and language therapists) contacted their patients about the study and encouraged referrals. To facilitate the engagement of minority ethnic groups, a cultural liaison officer was employed to connect with culturally specific health and disability groups and health care services. A free phone number and social media accounts were set up to facilitate contact with the study team. Identified cases who agreed to be interviewed were also contacted and asked if there was anyone else in the family who had the condition. Interpreters were provided if required to facilitate participation in the study.
Searches were conducted by a member of staff of each organisation to protect patient confidentiality. Only demographic information (including date of birth, sex, ethnicity and region of residence) and details of diagnosis were obtained for each new case (no names and addresses were required). All people in New Zealand are given a unique National Health Index number and this enabled checking of all new cases against existing cases in the study database to exclude any duplicates and to link each case to information in the national death registry to confirm living status on the point prevalence date. Following case ascertainment, National Health Index numbers were removed from the main study database and kept in a separate password protected file for the purposes of cross-checking with medical records as required, while protecting patient confidentiality in the main database. To enable direct comparison with census data and to account for multiple associated ethnicities, all ethnicities the person associated with were recorded. Details of ethical approval and participant consent are outlined in the consent for publication section.
Statistical Analysis
Completeness of diagnosed case ascertainment was determined using capture-recapture techniques [10] . All sources of case notification were grouped based on the likely degree of overlap between them (e.g., linkage of health records within health care services) to ensure optimal uniqueness of the types of sources in the analysis. The final log-linear model assuming a Poisson distribution with the least deviance as an indicator of "goodness of fit" was selected to estimate the percentage of missing cases. NZ 2013 census data were used as the population denominator [8] . Direct standardisation was used to age-standardise prevalence to the world population for international comparability [11] . Prevalence by age, sex, region of residence and diagnostic subtype was calculated per 100,000 population with 95% CI using the Poisson distribution. Regional census data was used to explore if there were any associations between social deprivation and weekly income by regional prevalence.
Results
A total of 966 cases with a confirmed clinical and/or molecular diagnosis were identified. Crude prevalence was 22.7 per 100,000 person-years (95% CI 21. 4-24.3 ). An additional 58 cases were identified as potentially eligible but were excluded because their diagnosis could not be verified. Of these, 23 (39.7%) people were identified by relatives as having the disorder but they did not wish that their details to be shared with the research team. They were not included, as there was no way of checking whether they might not have already been identified independently through another case ascertainment source. The remaining 35 (60.3%) were self-reported cases where there was insufficient clinical information and no molecular test results to verify diagnosis.
Capture-recapture analysis revealed a final model based on a 3-way interaction between (1) hospital records, genetic services and the national health database; (2) NZ Neuromuscular Disease Registry and (3) community services (which included self and family-referred cases) estimates that an absolute number of 7 diagnosed cases were likely to have been missed based on the case ascertainment approach undertaken. Divided by the total sample, this estimates that 99.2% of diagnosed cases were successfully captured by this study. Community services and the NZ Neuromuscular Disease Registry identified 71/966 (7.3%) unique cases not identified from health records (and consequently identifying patients who were not currently accessing health services).
As shown in Table 1 , the most common genetic muscle disease in NZ was myotonic dystrophy, followed by the dystrophinopathies (54.7% Duchenne and 37.4% Becker) and facioscapulohumeral muscular dystrophy. These diagnoses made up 67.9% (656/966) of the overall prevalence of genetic muscle disorders. The proportion of cases with molecular confirmation varied considerably by diagnosis. Molecular confirmation of diagnosis was highest for the dystrophinopathies and myotonic dystrophy (both ∼75%). The percentage of people with molecular confirmation was the lowest for limb-girdle muscular dystrophy. There were 24 patients who were identified as having genetic muscle disease but who could not be classified. In these cases, there was a diagnosis of "muscular dystrophy" in the medical record, but no further details were available.
The mean age of participants was 39.2 years (SD 20.3), ranging between 5 months to 90 years of age. The overall age-standardised minimal point prevalence was 22.3 per 100,000, (95% CI 19.5-25.6). The highest proportion of those living with these conditions was aged between 35 and 64 years ( Table 2 ). Prevalence increased from 7.2 per 100,000 (95% CI 4.6-11.2) in those aged < 5 years to 20.9 per 100,000 (95% CI 17.4-25.1) in the 5-14 years age group and then remained largely stable over the lifetime.
As shown in online supplementary Table 3 . Ethnic disparity was most marked for myotonic dystrophy and was 3 times higher in Europeans (10.5 per 100,000, 95% CI 9.4-11.8) than in Māori and Pasifika (2.5 per 100,000, 95% CI 1.5-4.2 and 0.7 per 100,000, 95% CI 0.1-2.7 respectively). All 16 cases of myotonic dystrophy type 2 were of European ancestry. The observed ethnic difference in the prevalence of myotonic dystrophy type 1 and 2 means that for Māori, and Pasifika, myotonic dystrophy was less common than facioscapulohumeral muscular dystrophy and the dystrophinopathies. Among Māori, the prevalence of Becker muscular dystrophy (1.5 per 100,000, 95% CI 0.6-2.8) was higher than Duchenne muscular dystrophy (1.3 per 100,000, 95% CI 0.7-3.0). The prevalence of other genetic muscle disorders was comparable across all the 4 main ethnic groups of NZ.
Females had a lower crude prevalence of genetic muscle disorders (18.7 per 100,000, 95% CI 16.9-20.6) than males (27.0 per 100,000, 95% CI 24.8-29.4) particularly in those aged < 34 years. This difference was due to the xlinked nature of Duchenne and Becker muscular dystrophy as, once these were removed (together with the 15 Tables 2a and b. There was considerable variation in prevalence by geographical region as shown in Figure 1 . Prevalence ranged between 17.8 per 100,000 in Northland to 34.2 per 100,000 in the West Coast of the South Island. There were no significant associations between regional prevalence and social deprivation (average weekly earnings, r = 0.04, p = 0.88), location of specialist health care services (r = 0.19, p = 0.49) or by population size (r = 0.15, p = 0.59, and as visually shown in Fig. 1 ).
Discussion
Age-standardised minimal prevalence of genetic muscle disorder in NZ was 22.3 per 100,000 person-years. The study revealed that people of European ancestry experienced higher prevalence of genetic muscle disorders compared with other ethnic groups. This was especially evident in myotonic dystrophy, which was 3 times higher in Europeans than in Māori and Pasifika. Prevalence remained relatively stable across the lifespan following 5 years of age, with peak prevalence in mid-adulthood. Wide regional variations in prevalence highlight the need to conduct national prevalence studies of genetic muscle disorders in order to ensure accuracy of prevalence data.
The overall crude prevalence of 22.7 per 100,000 is lower than the crude prevalence of 33.6 per 100,000 (with comparable diagnoses) identified in a study in the United Kingdom [2] . This difference in overall prevalence is likely to be due to the particularly low prevalence of dystrophinopathies (4.5 per 100,000 in NZ compared to 8.5 per 100,000 in England) and may also reflect ethnic differences in myotonic dystrophy. While there are methodological differences between the studies, for example, the Norwood et al. [2] study used data from a neuromuscular centre where generations of neuromuscular patients have been seen, compared with our study covering a number of less specialized, neurology services. We consider that the disparities in prevalence between our study and previous work reflect actual differences in prevalence between NZ and Europe, rather than being a reflection of case ascertainment limitations for a number of reasons. First, while lower prevalence of dystrophinopathies was observed, the prevalence of other disorders was comparable. Second, our case ascertainment procedures were more comprehensive than previous studies and the capture-recapture analysis indicated the estimated number of missed diagnosed cases was very low (< 1%). Third, there were no significant associations between prevalence, social deprivation, rural or urban areas or presence of specialist neuromuscular centres suggesting case ascertainment was not affected by these factors.
It is also possible that the overall lower prevalence of genetic muscle disorders in NZ may be attributable to lower prevalence in Māori, Pasifika, and Asian peoples. In particular, ethnic differences in prevalence were ob- served for myotonic dystrophy. The observed ethnic difference in the prevalence of myotonic dystrophy means that for Māori, and Pasifika, myotonic dystrophy was less common than facioscapulohumeral and the dystrophinopathies, a finding not previously described. Lower prevalence of myotonic dystrophy has been found in other ethnic minority groups in South Africa [12] and Israel [13] . However, these previous studies did not compare prevalence of myotonic dystrophy to other genetic muscle disorders. Ethnic differences were also observed within the dystrophinopathies, as for Māori the prevalence of Becker muscular dystrophy was higher than Duchenne muscular dystrophy. The observed ethnic differences could indicate barriers to diagnosis, inaccurate recording of ethnicity in the medical record or differential access to the health system as well as molecular differences. The use of total response ethnicity (where people were included in more than one ethnic group) in preference to allocating people into a single ethnic group (based on a prioritisation system), prevented concealment of any group diversity through optimising the sample size for ethnic minority groups. Previous work comparing ethnicity prioritisation versus total response ethnicity revealed no significant differences in prevalence estimates between the 2 approaches [14] . Classifying ethnicity in either way does not account for the strength of the ethnic affiliation and it is noted that a person may be over-represented through inclusion in multiple analyses [15] . Further research exploring genetic ancestry may help to explain the observed ethnic differences in this study. Considerable regional variation in prevalence was observed across NZ. The proportions of genetic muscular disorder sub-types were similar across regions, making it unlikely there are significant founder effects for genetic muscle disorders in NZ, although a few large families with multiple affected members living in the same region could affect the findings. Regional variations may also potentially reflect differences in clinical diagnosis or case ascertainment procedures. Although if this was the case, it would be anticipated that the greatest case ascertainment would occur in the larger urban centres with specialist health care services. In this study, it was revealed that the highest prevalence was observed in the less densely populated region of the country (approximately 3.5 h away from the nearest specialist centre). Our findings have important implications for health care planning and highlight the importance of outreach services extending out from specialist centres to facilitate access to health care services and highlight the need to look at national prevalence due to wide regional variations.
Study Limitations
As we were unable to contact all identified cases in the study (e.g., contact details not shared from an external organisation in order to protect patient confidentiality or were no longer current) and not all participants agreed to be interviewed, we were not able to reliably connect all individual cases to family units. Additionally, although capture-recapture analysis showed that the multiple case ascertainment sources were effective in identifying clinically diagnosed patients, the study also identified a number of relatives of study participants who were exhibiting symptoms of the disorder but who had chosen not to seek a diagnosis. These cases, excluded from the prevalence figures, raise the likelihood that the prevalence of genetic muscle disorders may have been underestimated due to undiagnosed cases. The unique contribution of community-based sources to case ascertainment suggests that some people living with these conditions are not currently linked in with health care services in NZ. Previous evidence suggests that people may not seek a medical diagnosis due to the fact that there is little hope of a cure, they perceive little benefit from health services, or have symptoms that are relatively mild [16] . Furthermore, the reasons for choosing not to access services or for those experiencing difficulties with accessing services in addition to factors influencing uptake of molecular diagnosis need to be explored.
Conclusion
The prevalence of genetic muscle disorders was the lowest in infancy and then remained fairly constant over the life course. As the number of people living beyond 65 increases, it is likely that the number of affected individuals with genetic muscle disorders in NZ will increase, similar to projections made for motor neuron disease [17] . This is a particular concern given recent projections of a lack of specialist adult neurologists [18] . To facilitate health care access regional variations in prevalence need to be considered in health care planning.
